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Abstract Based on the luminosity-distance diagram, we propose a method to quickly esti-
mate the luminosity function for any certain astrophysical objects. Giving the mean distance
between any two objects at a given luminosity range, we can find the relation between the
mean distance and the luminosity, and consequently can obtain the luminosity function. Not
like the straightforward counting method, this method does not need a complete sample. The
only requirement is that the object distributes uniformly in space. We apply this method to a
simulated sample, and find it can produce the luminosity function properly. This method can
also be used for energy function.
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1 INTRODUCTION
Luminosity function is a basis concept in the population and evolution of the astrophysical objects (Lang,
1999). It is widely used in galaxies (Schechter, 1976), stars (Salpeter, 1955), supernovae (Li et al., 2011),
γ-ray bursts (Kumar & Piran, 2000), white dwarfs (Liebert et al., 1988), etc. The straightforward method
to gain the luminosity function is to count the number at different luminosities. However, it suffers the
so-called data biases for the certain object (e.g. Dalcanton, 1998), such as the Malmquist bias (Malmquist,
1920), that the dimmer objects are more likely not included in the sample. Without a complete unbiased
sample, the luminosity function is not very reliable.
In reality, it is not easy to obtain a complete sample, either because the faint source is too far, or because
no complete survey project. Especially with the more and more data accumulation, more sub-classes of the
objects have been found. For these incomplete samples, the luminosity function (if available) is still very
helpful for understanding the object.
Here we propose a method to gain the luminosity function with incomplete sample, only if the object is
distributed uniformly in the space. Taking this advantage, we do not need to observe all the objects in the
whole space, but neighbors are enough. Then we can infer the object in outer space (and also dimmer) has
the same density. For objects with different luminosity, the density is different, and the neighbors are farther
or nearer. We then summarize them into the luminosity function.
2 Zou
The basic method is shown in section 2. We apply the method for simulated data in section 3, and also
show the steps for not well observed sample. We discuss the requirement of this method and how it can be
applied to other conditions in section 4.
2 METHOD
If the given objects are uniformly distributed in the space around the local universe, roughly, the distance to
the nearest one indicates the average distance between two objects, and consequently indicates the number
density. Considering the objects obey a certain luminosity function, they also distribute uniformly for a
given luminosity range (L,L+∆L). Also, the nearest one in the range (L,L+∆L) indicates the average
distance for this luminosity range. More precise average distance can be fitted in the luminosity-distance
diagram for the given luminosity range. As the uniform distribution, the accumulated number inside radius
R should obey N(L,R)∆L = 4pi3 n(L)R
3∆L, where n(L) is the number density for a given luminosity
range. As N(L,R) is countable for any radius range (R,R+∆dR), the n(L) can be fitted with the counted
numbers. With the fitted n(L) and the prior set range (L,L + ∆L), one can fit the relation between n(L)
and L, which is the luminosity function.
An alternative way is to fit the average distance D(L) v.s. luminosity L on the luminosity-distance
diagram, where the average distance D(L) ≡ n(L)−1/3 is obtained from the fitted n(L). In the luminosity-
distance diagram, suppose the fitted relation betweenD(L) and L is f(L), one gets the luminosity function:
n(L) = f(L)−3. (1)
3 APPLICATION
To verify the reliability, we apply this method to a simulated data, which has a prior luminosity function
used from comparison. For the simulated data, we have the following steps.
Step 1, sample N = 1000 points uniformly and randomly distributed in a sphere within radius 1 (in
arbitrary unit). The luminosity of each point is set randomly obeying a powerlaw distribution n(L)dL =
CL−αdL with Lmin = 1 (in arbitrary unit), and C is the normalization factor obeying the total number N ,
and the powerlaw index α is setting to be 2 here. The data of one realization is shown in figure 1, in grey
tiny pluses.
Step 2, we bin the data under luminosity. In each luminosity bin, we can count the number of the sample,
say nbin,L. The number density for this luminosity bin is then nbin,L/(4pi/3), by noticing the volume is in
sphere. The mean distance is then [4pi/(3nbin,L)]1/3, which is plotted in figure 1, in crosses. Though the
mean distance is directly calculated by counting the number, it should be different for different realization
as the realization is randomly performed.
Step 3, we bin the data under radius for each luminosity bin. For each radius bin, we count the number
of the sample. This forms a sequence of radii and numbers at each radius bin. Remembering the sample
is uniformly distributed, the accumulated number of the sample should be proportional to the radius, i.e.,
Nacc =
4pi
3 n(L)R
3
, where n is the number density. n(L) can be fitted by the counted numbers. The fitted n
with errors is converted to the mean distance D(L) ≡ n(L)−1/3, which is shown in figure 1, in black dots.
One can see the fitted mean distance is well consistent with the directly derived mean distance.
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Fig. 1 Luminosity-distance diagram for simulated objects with input luminosity function n(L) ∝
L−2, in arbitrary unit. The gray pluses are the realization of total N=1000 objects, which are
distributed uniformly in space inside a sphere with radius 1. Crosses are the average distances
between two objects in certain luminosity ranges, which are shown as y-axis error bars. Black
dots are the fitted average distances in the same luminosity ranges.
Step 4, by fitting the sequence A and the corresponding luminosity bin, we will get the luminosity
function. Fitting to the black dots with powerlaw relation gives us (Krystek & Anton, 2007): log10D(L) =
−(0.711± 0.034) + (0.66± 0.03) log10 L. Taking this into equation (1), we get the final fitted luminosity
function n(L) = 10(2.1±0.1)L−1.98±0.09. It is well consistent with the input.
In most real astrophysical objects, they are not as complete as the simulated data, mainly because the
far objects are too dim (lower right side of the luminosity-distance diagram). Fortunately, on the upper
left side of the luminosity-distance diagram, they are always brighter and less likely being omitted by the
observations. For these non-complete samples, we follow the steps 1-4 with modifications: In step 1, plot
the luminosity-distance diagram according to the real data. In step 2, we do not calculate the number density
as the sample is not complete. In step 3, we do not fit Nacc = 4pi3 n(L)R
3 for all the radius bins as the lack of
data in larger distances. Instead, we just choose the nearer bins. Finally, we can also obtain the luminosity
function in step 4.
4 DISCUSSION
In this letter, we proposed a quick method to estimate the luminosity function for any astrophysical objects,
especially for those not completely sampled objects. The requirements of this method are: 1. There is a
survey for this kind of object. 2. The objects are uniformly distributed in the space from our local universe.
3. The luminosity and the distance are measured. We applied the method to a simulated data, and the result
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showed the method works well. As shown in section 2, to get the luminosity function, one has two choices,
either to fit n(L) − L relation directly from step 3, or to fit D(L) − L relation and then translating it to
the luminosity function. The former is more directly, while the latter can be more intuitively shown on the
diagram.
This method can be used for a rough estimation of the luminosity function directly based on the
luminosity-distance diagram. One can draw a rough border in the diagram, which satisfies that there are
nearly no objects on the left side of the border. As the left side is in nearer distance, the objects are less
likely to be omitted. That means the observed nearest object is very likely the real nearest one. Considering
the uniform distribution, this border at any luminosity indicates the nearest distance of the objects for the
given luminosity, and it can be roughly taken as the mean distance D(L). A rough luminosity function is
then obtained. Therefore, for those extremely lack of data, one can still get a rough luminosity function
based on equation (1).
It can also be used to derive the energy function for the explosive sources like supernovae, and gamma-
ray bursts. For the cosmological objects, one should take the evolution into account. One can also use
the luminosity-distance diagram to justify whether the objects in the diagram are from the same class.
In general, the luminosity function for the same class of object should obey some simple function, like
log-normal, powerlaw, cutoff powerlaw etc. At least, they are all smooth. Therefore, from the luminosity-
distance diagram, if the left border region is not smooth, one may conclude that they are from different
classes.
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